Physical exercise is thought to hold promise as a non-invasive countermeasure against skeletal fragility arising from post-menopausal and age-related osteoporosis. Importantly, mechanical loading and exercise are capable of increasing bone size via periosteal expansion, which by far, is the most effective means of strengthening the structure of a given bone. The focus of this review was to therefore explore whether exercise has the potential to increase periosteal modeling and bone size in the senescent skeleton. A survey of exercise trials in humans suggests that exercise interventions that enhance periosteal modeling in the young skeleton fail to do the same in the elderly skeleton. Underlying this ineffectiveness, in vitro studies indicate that aging lowers basal levels of cell function and degrades bone mechanotransduction at a variety of levels from altered second messenger signaling to gene expression driving proliferation and/or differentiation. Given these age-related alterations, the ultimate efficacy of an exercise intervention may depend upon concurrent supplementation that directly address deficits in signaling and/or cell function. In this context, in vivo animal models of mechanical loading that simulate the muted periosteal adaptation in the elderly hold potential to examine the efficacy of countermeasures. Preliminary in vivo experiments suggest that pharmacologically counteracting age-related deficits in cellular function can restore exercise induced periosteal modeling in the senescent skeleton to levels observed in young animals. If the safety and efficacy of this strategy were to be confirmed for human use, it would enable the utilization of exercise as a viable countermeasure against skeletal fragility at senescence.
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Introduction
Skeletal loading induced by physical activity has long been identified as capable of substantially enhancing bone morphology and structural properties. However, most reports of profound bone size augmentation in response to physical activity have been associated with individuals that have initiated exercise during growth and development (Greene et al., 2005; Hind et al., 2011; Kontulainen et al., 2003) . Additionally, exercise trials in humans, particularly in the elderly, have produced extremely modest gains in bone mass and morphology, which confer minimal structural benefit (Forwood and Burr, 1993; Nikander et al., 2010) . This review initially focuses on assessment of relevant human studies that summarize the potential of mechanical stimuli to enhance bone size via periosteal modeling in the senescent skeleton. Given the apparent inability of current exercise regimens to enhance structural adaptation in aged bone, we next reviewed cellular mechanisms that may underlie this deficit. Finally, we reviewed relevant pre-clinical models describing effects of mechanical loading in the aged skeleton and propose a strategy that will enable the use of exercise as an effective intervention to augment bone structure in the elderly.
Using exercise to enhance bone morphology
From a structural mechanics perspective, the bending and torsional loads borne by the appendicular skeleton during normal functional activity create maximal strains on the periosteal surface. As such, strategies to reduce peak strains (and thus diminish fracture risk) during normal functional activity are most effectively achieved by expanding the outer surface of bone (Currey, 1984) . In this context, mechanical loading of bone occurring during exercise can robustly enhance periosteal adaptation and bone structural properties such as total area and moments of inertia. For instance, a number of cross-sectional studies suggest that physical activity that incorporates high strain magnitude and rates (such as racquet sports) are positively associated with focally increased trabecular and cortical bone morphology (Greene et al., 2005; Hind et al., 2011; Kontulainen et al., 2003) . While these observations suggest the possibility that exercise can serve as a means to potently
